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ABSTRACT
W r i g h t ,  W i l l i a m  E . ,  M . A . , 1981  Z o o l o g y  
L o n g i t u d i n a l  v a r i a t i o n  i n  t h e  c o m m u n i t y  m e t a b o l i s m  o f  a  l a k e  o u t l e t .  
A d v i s o r :  A n d r e w  L .  S h e l d o n
E s t i m a t e s  o f  p r o d u c t i v i t y  f o r  t h r e e  r e a c h e s  o f  a  w e s t e r n  M o n t a n a
l a k e  o u t l e t  s t r e a m  w e r e  o b t a i n e d  i n  A u g u s t  1 9 8 0  b y  a n a l y z i n g  d i e l
c h a n g e s  i n  d i s s o l v e d  o x y g e n .  N e t  p r i m a r y  p r o d u c t i o n  w a s  n e g a t i v e  f o r
a l l  t h r e e  r e a c h e s  a n d  d e c r e a s e d  w i t h  i n c r e a s i n g  d i s t a n c e  f r o m  t h e  l a k e
2
( - 6 ,  - 2 8 ,  - 3 2  mmol  0 „ / m  / d ) ,  w h i l e  c o m m u n i t y  r e s p i r a t i o n  ( 4 8 ,  1 1 9 ,  177
2 2 
mmol  Og / m / d ) a n d  g r o s s  p r i m a r y  p r o d u c t i o n  ( 4 2 ,  9 1 ,  145  mmol  0^/m  / d )
b o t h  i n c r e a s e d .  T h e  p r o d u c t i v i t y  g r a d i e n t  a l o n g  t h e  l e n g t h  o f  t h e
o u t l e t  may b e  d u e  t o  h i g h  l a k e  p r o d u c t i v i t y ,  w h i c h  i n  t u r n  l i m i t s
p r i m a r y  p r o d u c t i o n  i n  t h e  o u t f a l l  z o n e  o f  t h e  s t r e a m  t h r o u g h  t h e
t r a n s f o r m a t i o n  o f  n u t r i e n t s  i n t o  r e f r a c t o r y  f o r m s  t h a t  r e q u i r e
p r o c e s s i n g  b y  c o n s u m e r s  b e f o r e  b e c o m i n g  a v a i l a b l e  t o  p l a n t s  f a r t h e r
d o w n s t r e a m .
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INTRODUCTION
A l a k e  o u t f a l l  i s  a n  e c o t o n e  w h e r e  a  l a k e  i m p o s e s  i t s  b i o t i c  a n d  
a b i o t i c  c h a r a c t e r i s t i c s  u p o n  a  l o t i e  s y s t e m .  L a k e s  t e n d  t o  d a m p e n  a n d  
s l o w  d a i l y  a n d  s e a s o n a l  t e m p e r a t u r e  v a r i a t i o n s  i n  o u t l e t  s t r e a m s  
( U l f s t r a n d  1 9 6 8 ) .  T h e  o c c u r r e n c e  o f  a  l a k e  a l o n g  a  s t r e a m  c o u r s e  m a y ,  
t h r o u g h  s e d i m e n t a t i o n ,  d e p o s i t i o n ,  a n d  b i o l o g i c a l  p r o c e s s i n g ,  a l t e r  
t h e  q u a n t i t y  a n d  q u a l i t y  o f  i n o r g a n i c  n u t r i e n t s  s u b s e q u e n t l y  
c o n t r i b u t e d  t o  t h e  e f f l u e n t  s t r e a m  ( H y n e s  1 9 7 0 ) .  L a k e s  s i m i l a r l y  
i n f l u e n c e  p a r t i c u l a t e  o r g a n i c  c a r b o n  i n p u t s  t o  t h e i r  o u t l e t s .  S e v e r a l  
e c o l o g i s t s ,  a mo n g  t h e m  B e a c h  ( 1 9 6 0 )  a n d  C u s h i n g  ( 1 9 6 3 ) ,  h a v e  s h o w n  t h a t  
l e n t i c  s e s t o n  i s  a b u n d a n t  i n  o u t l e t s  a n d  d e c r e a s e s  r a p i d l y  d o w n s t r e a m .  
O t h e r s  ( H y n e s  1 9 7 0 ,  S h e l d o n  a n d  Os wood  1 9 7 7 ,  Oswood  1 9 7 9 )  h a v e  
d o c u m e n t e d  a n  e n r i c h m e n t  o f  t h e  b e n t h i c  s t r e a m  f a u n a ,  p a r t i c u l a r l y  
f i l t e r - f e e d e r s , b e l o w  l a k e  o u t f a l l s  a n d  h a v e  a t t r i b u t e d  t h i s  t o  t h e  
r i c h  s u p p l y  o f  s e s t o n i c  f o o d  e x p o r t e d  f r o m  l a k e s .  I n  a d d i t i o n ,  a  v e r y  
a b r u p t  l o n g i t u d i n a l  s u c c e s s i o n  o f  i n s e c t  s p e c i e s  o c c u r s  w i t h i n  t h e  
o u t f a l l  z o n e ,  d u e  p r i m a r i l y  t o  b i o l o g i c a l  r e m o v a l  o f  t h e  l a c u s t r i n e -  
d e r i v e d  s e s t o n  ( H y n e s  1 9 7 0 ,  A p p e r t  1 9 7 7 ,  S h e l d o n  a n d  Oswood  1 9 7 7 ) .
G i v e n  t h e  p o i n t  s o u r c e  l o a d i n g  a n d  l o n g i t u d i n a l  p r o c e s s i n g  
f e a t u r e s  o f  l a k e  o u t l e t  s y s t e m s ,  o n e  m i g h t  e x p e c t  l e v e l s  o f  c o m m u n i t y  
m e t a b o l i s m  i n  o u t f a l l  z o n e s  t o  d i f f e r  f r o m  d o w n s t r e a m  r e a c h e s  l e s s  
a f f e c t e d  b y  l a c u s t r i n e  i n p u t s  a n d  c h a r a c t e r i s t i c s .  W h i l e  e s t i m a t e s  o f  
c o m m u n i t y  m e t a b o l i s m  a r e  a v a i l a b l e  f o r  ma ny  t y p e s  o f  l o t i e  s y s t e m s ,  
l a k e  o u t l e t s  h a v e  y e t  t o  b e  s t u d i e d  i n  t h i s  r e g a r d .  I n  t h i s  p a p e r  I
1
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2
r e p o r t  t h e  r e s u l t s  o f  s i m u l t a n e o u s  p r o d u c t i v i t y  m e a s u r e m e n t s  f o r  t h r e e  
r e a c h e s  o f  a  l a k e  o u t l e t  s t r e a m .
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OPEN STREAM DISSOLVED GAS METHOD FOR ESTIMATING COMMUNITY METABOLISM
L o t i e  c o m m u n i t y  m e t a b o l i s m  c a n  b e  e s t i m a t e d  b y  r a d i o i s o t o p e  
u p t a k e  t e c h n i q u e s ,  m o n i t o r i n g  d i s s o l v e d  g a s  c h a n g e s  i n  c h a m b e r s ,  o r  b y  
m o n i t o r i n g  t h e s e  c h a n g e s  ijn s i t u . T h i s  l a t t e r  a p p r o a c h  h a s  s e v e r a l  
a d v a n t a g e s  ( W e s t l a k e  1 9 7 4 ,  B o t t  e t  a l .  1 9 7 8 ) :  t h e  n a t u r a l  c o n d i t i o n s
o f  t u r b u l e n c e ,  w a t e r  v e l o c i t y ,  r a d i a t i o n ,  a n d  c o n s t a n t  r e n e w a l  o f  
n u t r i e n t s  a n d  r e m o v a l  o f  w a s t e s  a r e  n o t  d i s t u r b e d ;  n o  a r t i f i c i a l  
s u r f a c e  e f f e c t  i s  p r o d u c e d  b y  t h e  r a p i d  d e v e l o p m e n t  o f  m i c r o f l o r a  
p o p u l a t i o n s  o n  t h e  w a l l s  o f  e n c l o s u r e s ;  n o n - i s o l a t e d  m e t h o d s  g i v e  a  
b e t t e r  a s s e s s m e n t  o f  c o m m u n i t y  m e t a b o l i s m  b e c a u s e  t h e  r e s u l t s  
i n c o r p o r a t e  t h e  a c t i v i t y  o f  t h e  e n t i r e  s y s t e m ;  a n d  p r o b l e m s  o f  s p a t i a l  
h e t e r o g e n e i t y  e n c o u n t e r e d  w i t h  c h a m b e r  m e t h o d s  a r e  e l i m i n a t e d  w i t h  t h e  
a p p l i c a t i o n  o f  o p e n  s y s t e m  m e t h o d s .  T h e  m a j o r  d r a w b a c k  o f  t h e  i n  s i t u  
t e c h n i q u e  i s  t h a t  i t s  u s e  i s  r e s t r i c t e d  t o  s y s t e m s  i n  w h i c h  r e l i a b l e  
e s t i m a t e s  o f  n o n - b i o l o g i c a l  i n p u t s  a n d  o u t p u t s  c a n  b e  m a d e .
G r o s s  p r i m a r y  p r o d u c t i o n  ( p h o t o s y n t h e s i s )  p e r  u n i t  a r e a  o f  s t r e a m ,  
P ^ ,  c a n  b e  c a l c u l a t e d  u s i n g  d i s s o l v e d  o x y g e n  d a t a  a s  f o l l o w s  (Odum 
1 9 5 6 ) :
P = X + R -  D. -  A ( 1 )
g i n
w h e r e  X i s  t h e  r a t e  o f  c h a n g e  o f  d i s s o l v e d  o x y g e n  p e r  u n i t  a r e a  w i t h i n  
a  s t r e a m  r e a c h ,  R i s  t h e  r a t e  o f  o x y g e n  u p t a k e  t h r o u g h  r e s p i r a t i o n ,  D^^ 
i s  t h e  r a t e  o f  o x y g e n  d i f f u s i o n  i n t o  t h e  w a t e r ,  a n d  A i s  t h e  a m o u n t  o f  
o x y g e n  c o n t r i b u t e d  t o  t h e  r e a c h  t h r o u g h  a c c r u a l  f r o m  g r o u n d w a t e r  o r  
t r i b u t a r i e s .
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X ma y  b e  e a s i l y  c a l c u l a t e d  a t  a  s i n g l e  s t a t i o n  b y  c o n v e r t i n g  
d i s s o l v e d  o x y g e n  v a l u e s  o b t a i n e d  t h r o u g h o u t  t h e  d a y  i n t o  r a t e s  o f  
c h a n g e  o f  d i s s o l v e d  o x y g e n  b e t w e e n  s a m p l i n g  t i m e s . T h e  a n a l y s i s  o f  a  
s i n g l e  o x y g e n  c u r v e ,  h o w e v e r ,  i n v o l v e s  t h e  a s s u m p t i o n  o f  e n v i r o n m e n t a l  
h o m o g e n e i t y  a b o v e  t h e  p o i n t  o f  m e a s u r e m e n t — a n  i n f r e q u e n t  o c c u r r e n c e  i n  
l o t i e  s y s t e m s .  To t a k e  s p a t i a l  h e t e r o g e n e i t y  i n t o  a c c o u n t  i t  i s  
t h e o r e t i c a l l y  b e t t e r  t o  c a l c u l a t e  X b e t w e e n  t wo  s t a t i o n s :
X = (C2 -  C ^ ) ( H / t ^ )  ( 2 )
w h e r e  i s  t h e  o x y g e n  c o n c e n t r a t i o n  a t  t h e  u p s t r e a m  s t a t i o n  a t  t i m e  t j ^ ,  
C g i s  t h e  o x y g e n  c o n c e n t r a t i o n  a t  t h e  d o w n s t r e a m  s t a t i o n  a t  t i m e  t g , H 
i s  t h e  m e a n  d e p t h  o f  t h e  r e a c h ,  a n d  t ^  i s  t h e  m e a n  r e t e n t i o n  t i m e  o f  
t h e  w a t e r  w i t h i n  t h e  r e a c h ,  ( t ^  -  t ^ ) .
Odum ( 1 9 5 6 )  s u g g e s t e d  m e a s u r i n g  R b y  d e t e r m i n i n g  o x y g e n  c o n s u m p t i o n
u n d e r  b l a c k  b e l l j a r s  a n d  w i t h i n  b l a c k  b o t t l e s  t o  a s s e s s  b e n t h i c  a n d
p l a n k t o n i c  c o n t r i b u t i o n s ,  r e s p e c t i v e l y .  T h e  d i s a d v a n t a g e  h e r e  i s  t h a t
t h e  o r g a n i s m s  a r e  r e m o v e d  f r o m  t h e i r  n a t u r a l  e n v i r o n m e n t  u p o n  i s o l a t i o n
a n d  muc h  o f  t h e  b e n e f i t  d e r i v e d  f r o m  e m p l o y i n g  a n  o p e n  s y s t e m  m e t h o d ,
a s  d i s c u s s e d  e a r l i e r ,  i s  l o s t .  B e c a u s e  P i s  z e r o  i n  t h e  a b s e n c e  o f
g
l i g h t ,  R i s  d e t e r m i n e d  d i r e c t l y  a t  n i g h t  w h e n  t h e  r e m a i n i n g  p a r a m e t e r s  
a r e  k n o w n .  Odum ( 1 9 5 6 )  a l t e r n a t i v e l y  r e c o m m e n d s  c a l c u l a t i n g  t h e  me a n  
n o c t u r n a l  r e s p i r a t i o n  a n d  a s s u m i n g  t h a t  t h i s  v a l u e  r e m a i n s  c o n s t a n t  
t h r o u g h o u t  t h e  d a y .  B e c a u s e  e s s e n t i a l l y  a l l  a q u a t i c  o r g a n i s m s  a r e  
e c t o t h e r m i c ,  h o w e v e r ,  R v a r i e s  t h r o u g h o u t  t h e  d a y  w i t h  t e m p e r a t u r e .  
A v e r a g e  Q j q  v a l u e s  o f  a r o u n d  2 a r e  u s u a l l y  r e p o r t e d  f o r  e n v i r o n m e n t a l  
t e m p e r a t u r e s ,  t h u s  p r o v i d i n g  a b a s i s  f o r  e s t i m a t i n g  d i u r n a l  r e s p i r a t i o n  
r a t e s  ( E d w a r d s  1 9 6 2 ,  E d w a r d s  a n d  Owens  1 9 6 2 ,  Owe n s  1 9 6 9 ) .  I n  a d d i t i o n
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R i n  b o t h  p l a n t s  a n d  a n i m a l s  i s  a l s o  i n f l u e n c e d  b y  d i s s o l v e d  o x y g e n  
c o n c e n t r a t i o n  ( Owe ns  1 9 6 9 ) ,  a n d  i n  p l a n t s  i t  i s  a f f e c t e d  b y  h i g h  l i g h t  
i n t e n s i t i e s  ( W e t z e l  1 9 7 5 ) .
h a s  b e e n  e s t i m a t e d  b y  s e v e r a l  d i f f e r e n t  t e c h n i q u e s .  Odum 
( 1 9 5 6 )  l i s t s  s e v e n  w a y s  o f  o b t a i n i n g  a  v a l u e  f o r  t h i s  p a r a m e t e r ,  m o s t  
o f  t h e m  u n r e l i a b l e .  A t t e m p t s  h a v e  b e e n  ma de  t o  d e t e r m i n e  b y
m e a s u r i n g  g a s  e x c h a n g e  b e t w e e n  t h e  w a t e r  a n d  a  f l o a t i n g  dome ( C o p e l a n d  
a n d  D u f f e r  1 9 6 4 ) .  S u c h  a  d e v i c e ,  h o w e v e r ,  d i m i n i s h e s  t u r b u l e n c e — a n  
i m p o r t a n t  f a c t o r  i n  r e g u l a t i n g  g a s  e x c h a n g e  r a t e s  a t  t h e  a i r - w a t e r  
i n t e r f a c e — a n d  g a s  c o n d i t i o n s  w i t h i n  t h e  dome a r e  n o t  r e p r e s e n t a t i v e  o f  
a t m o s p h e r i c  c o n d i t i o n s .  h a s  a l s o  b e e n  e s t i m a t e d  b y  s t u d y i n g
r e a e r a t i o n  r a t e s  o f  d e o x y g e n a t e d  w a t e r ,  a n d  b y  e r e c t i n g  a n  o p a q u e  s h e e t  
o v e r  a  r e a c h  o f  s t r e a m  t o  e x t i n g u i s h  p h o t o s y n t h e s i s  ( E d w a r d s  1 9 6 2 ) .
T h e  l a s t  t wo  t e c h n i q u e s  r e q u i r e  a  p r i o r  k n o w l e d g e  o f  R.
P e r h a p s  t h e  l e a s t  i n c o n v e n i e n t  a n d  m o s t  r e l i a b l e  wa y  o f  q u a n t i f y i n g  
i s  t h e  s t r e a m  m o r p h o l o g y  m e t h o d  o f  Owe ns  e t  a l .  ( 1 9 6 4 ) .  D a t a  
c o l l e c t e d  on r e a e r a t i o n  r a t e s  o f  s t r e a m s  h a s  b e e n  c o m b i n e d  a n d  a n a l y z e d  
b y  m u l t i p l e  r e g r e s s i o n  t o  y i e l d  t h e  f o l l o w i n g  f o r m u l a :
f  = 5 0 . 8 ( V ° ' G 7 ) ( H " 0 ' 8 5 )  ( 3 )
2
w h e r e  f  i s  t h e  o x y g e n  e x c h a n g e  c o e f f i c i e n t  ( c m / h )  a t  20C,  V i s  t h e  
2
m e a n  v e l o c i t y  o f  t h e  s t r e a m  r e a c h  ( c m / s ) ,  a n d  H i s  t h e  me an  d e p t h  o f  t h e  
r e a c h  i n  cm.  T h e  f o r m u l a  g i v e s  v a l u e s  w i t h i n  5% o f  t h e  e m p i r i c a l l y  
d e t e r m i n e d  v a l u e s  f o r  s t r e a m s  h a v i n g  m e a n  v e l o c i t i e s  w i t h i n  t h e  r a n g e  
f r o m  3 . 0  t o  150  c m / s ,  a n d  m e a n  d e p t h s  f r o m  1 2 . 0  t o  3 3 5  cm.  D i f f e r e n t  
c o n s t a n t s  a r e  a v a i l a b l e  t o  g i v e  b e t t e r  r e s u l t s  f o r  s h a l l o w  o r  f a s t -  
f l o w i n g  s t r e a m s  ( Owens  e t  a l .  1 9 6 4 ) .  T h i s  t e c h n i q u e  i s  a l s o  l i m i t e d  t o
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u n p o l l u t e d ,  n o n - w h i t e w a t e r  r e a c h e s  ( D o w n i n g  e t  a l .  1 9 5 7 ,  Owens  e t  a l .
1 9 6 4 ) .  f  v a r i e s  w i t h  t e m p e r a t u r e  w i t h  a  r a t e  o f  i n c r e a s e  o f  2 . 4 1 % / C  
Ü2
b e t w e e n  5 a n d  30C ( C o m m i t t e e  o n  S a n i t a r y  E n g i n e e r i n g  R e s e a r c h  o f  t h e  
A m e r i c a n  S o c i e t y  o f  C i v i l  E n g i n e e r s  1 9 6 1 ) .  T h u s  t h e  c o r r e c t i o n  f o r  
t e m p e r a t u r e  i s  :
' O j ( T )  = * 0 ^ ( 2 0 )  • ( 4 )
D i f f u s i o n  i s  t h e n  c a l c u l a t e d  f r o m :
" i n  '  0  0 1  l O j ( T )  < 0 ,  -  C )  ( 5 )
w h e r e  C^ i s  t h e  m e a n  o x y g e n  s a t u r a t i o n  c o n c e n t r a t i o n  w i t h i n  t h e  r e a c h ,  
a n d  C i s  t h e  m e a n  o x y g e n  c o n c e n t r a t i o n  f o r  t h e  r e a c h  ( Owens  1 9 6 9 ) .
T h e s e  v a l u e s  a r e  d e t e r m i n e d  f o r  t i m e  ( t j^ + t ^ ) / 2 .
D e t e r m i n i n g  a c c r u a l  w i t h i n  a  r e a c h  i s  d i f f i c u l t  a n d  t i m e  c o n s u m i n g .  
Any  t r i b u t a r i e s  e n t e r i n g  a  r e a c h  m u s t  b e  g a u g e d  a n d  t h e i r  d i s s o l v e d  
o x y g e n  c o n t e n t s  m o n i t o r e d .  E s t i m a t i n g  g r o u n d w a t e r  i n p u t s  c a n  p r o v e  t o  
b e  i m p o s s i b l e .  T h e  common s o l u t i o n  t o  t h e s e  p r o b l e m s  i s  t o  l o c a t e  t h e  
r e a c h  w h e r e  n o  t r i b u t a r i e s  e n t e r  i t  a n d  g r o u n d w a t e r  a c c r u a l  c a n  b e  
n e g l e c t e d .
An a d d i t i o n a l  m e t a b o l i c  p a r a m e t e r  t h a t  c a n  b e  o b t a i n e d  w i t h  t h e  
o p e n  s t r e a m  m e t h o d  i s  n e t  p r i m a r y  p r o d u c t i o n ,  P ^ .  I n  a c t u a l i t y  i s
me asured directly with this method once X and D. are known since: ̂ i n
P = P - R (6)
n g
T h e  r a t i o  P ^ / R  i s  a l s o  u s e d  i n  i n t e r p r e t i n g  t h e  m e t a b o l i c  s t a t e  o f  a  
s t r e a m  s y s t e m  (Odum M i n s h a l l  1 9 7 8 ) .
A l t h o u g h  t h e  pr»>c < i n g  d i s c u s s i o n  h a s  d e a l t  w i t h  d i s s o l v e d  o x y g e n  
d y n a m i c s  i n  s t r e a m s ,  d i s s o l v e d  i n o r g a n i c  c a r b o n  b e h a v e s  i n  a  l i k e  m a n n e r ,  
b u t  w i t h  r e v e r s e d  s i g n  (Odum 1 9 5 6 ,  W r i g h t  a n d  M i l l s  1 9 6 7 ) .  The  c a r b o n
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d i o x i d e  e x c h a n g e  c o e f f i c i e n t  c a n  b e  d e r i v e d  f r o m  f ^  b y  c o r r e c t i n g  f o r  
t h e  d i f f e r e n c e  i n  m o l e c u l a r  s i z e  o f  t h e  g a s e s  ( B o t t  e t  a l .  1 9 7 8 ) :
^c o ^Ct )  I B  ( 7 )
R e s u l t s  a r e  u s u a l l y  e x p r e s s e d  i n  t e r m s  o f  p r o d u c t i v i t y  ( o x y g e n  
p r o d u c e d ,  c a r b o n  d i o x i d e  c o n s u m e d ,  o r  c a r b o n  f i x e d )  p e r  u n i t  a r e a  o f  
w a t e r  s u r f a c e ,  a s s u m i n g  i t  t o  b e  p e r f e c t l y  f l a t .  S i n c e  t h e  m o s t  
i m p o r t a n t  c o m m u n i t i e s  o f  s t r e a m s  a r e  b e n t h i c ,  a  t w o  d i m e n s i o n a l  
e x p r e s s i o n  o f  p r o d u c t i v i t y  i s  m o r e  r e l e v a n t  t h a n  o n e  i n  t e r m s  o f  w a t e r  
v o l u m e .
When c o m p a r i n g  r e s u l t s  o f  o x y g e n  a n d  c a r b o n  a n a l y s e s ,  i t  m u s t  b e  
k e p t  i n  m i n d  t h a t  t h e  m o l a r  p h o t o s y n t h e t i c  q u o t i e n t  v a r i e s
f r o m  a b o u t  1 ,  w h e n  t h e  m a j o r  p r o d u c t s  o f  p h o t o s y n t h e s i s  a r e  
c a r b o h y d r a t e s ,  t o  3 ,  w h e n  p r i m a r i l y  f a t s  a r e  s y n t h e s i z e d  ( W e t z e l  1 9 7 5 ) .  
A n a e r o b i c  a n d  c h e m o a u t o t r o p h i c  m e t a b o l i s m ,  s i g n i f i c a n t  a m o u n t s  o f  
e m e r g e n t  v e g e t a t i o n  w i t h i n  t h e  r e a c h ,  a n d  i n o r g a n i c  o x y g e n - c o n s u m i n g  
r e d o x  r e a c t i o n s  c a n  a l s o  a l t e r  t h e  c a r b o n  a n d  o x y g e n  b u d g e t s  i n  a q u a t i c  
s y s t e m s  ( V e r d u i n  u n p u b l i s h e d  m a n u a l ) .
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STUDY S I T E  AND METHODS
Owl C r e e k ,  t h e  o u t l e t  o f  P l a c i d  L a k e ,  M i s s o u l a  C o u n t y ,  M o n t a n a  
( 4 7 °  1 7 '  N a n d  1 1 3 °  3 1 '  W) ,  w a s  t h e  s i t e  I  c h o s e  f o r  t h e  p r o d u c t i v i t y  
a n a l y s e s .  P l a c i d  L a k e  i s  a t  a n  e l e v a t i o n  o f  1 2 5 6  m,  i s  m e s o t r o p h i c  t o  
m e s o - e u t r o p h i c  ( J u d a y  a n d  K e l l e r  1 9 8 0 ) ,  h a s  a n  a r e a  o f  4 6 0  h a ,  a n d  a  
ma x i mum d e p t h  o f  2 7 . 5  m. A s m a l l  r e g u l a t o r y  dam s e p a r a t e s  Owl  C r e e k  
f r o m  a  s h a l l o w  7 0 0  m l o n g  o u t l e t  c h a n n e l  a n d  P l a c i d  L a k e .
I  e s t a b l i s h e d  s i x  s a m p l i n g  s t a t i o n s ,  d e l i m i t i n g  t h r e e  r e a c h e s ,  o n  
Owl  C r e e k  ( F i g u r e  1 )  i n  a r e a s  w h e r e  n o  t r i b u t a r i e s  e n t e r e d  t h e  s t r e a m  
a n d  g r o u n d w a t e r  a c c r u a l  s e e m e d  n e g l i g i b l e .  T h e  r e a c h e s ,  l o c a t e d  w i t h i n  
t h e  u p p e r  2 . 8  km o f  t h e  s t r e a m ,  h a v e  u n i f o r m  s t o n y  s u b s t r a t e s ,  a n d ,  w i t h  
t h e  e x c e p t i o n  o f  a  p o o l  j u s t  b e l o w  t h e  d a m ,  l i t t l e  v a r i a t i o n  i n  c h a n n e l  
m o r p h o l o g y .  I  o b s e r v e d  s p a r s e  g r o w t h s  o f  a q u a t i c  m o s s  i n  t h e  f i r s t  
r e a c h ,  a b u n d a n t  e p i l i t h i c  a l g a e  a n d  s p a r s e - t o - m o d e r a t e  a m o u n t s  o f  
v a s c u l a r  m a c r o p h y t e s  i n  t h e  s e c o n d ,  a n d  d e n s e  v a s c u l a r  m a c r o p h y t e  s t a n d s ,  
w i t h  s ome  m o s s ,  a n d  a b u n d a n t  e p i l i t h i c  a l g a e  i n  t h e  t h i r d  r e a c h .
A p p e r t  ( 1 9 7 7 ) ,  Oswood  ( 1 9 7 6 ,  1 9 7 9 ) ,  a n d  S h e l d o n  a n d  Oswood ( 1 9 7 7 )  
d i s c u s s  f u r t h e r  d e t a i l s  o f  t h e  Owl C r e e k  s y s t e m .
I  m e a s u r e d  d i s c h a r g e  a t  t w o  d i f f e r e n t  s t a g e s  w i t h i n  e a c h  r e a c h  
w i t h  a  G u r l e y  Pygmy ^ ^ m e t e r  t o  e s t a b l i s h  r a t i n g  c u r v e s  ( D u n ne  a n d  
L e o p o l d  1 9 7 8 ) ,  w h i c h  e n a b l e d  me t o  e s t i m a t e  t h e  d i s c h a r g e s  d u r i n g  t h e  
a n a l y s e s .  Mean d e p t h s  a n d  w i d t h s  w e r e  s i m i l a r l y  d e t e r m i n e d  f r o m  
m e a s u r e m e n t s  t a k e n  a l o n g  t e n  t r a n s e c t s  e v e n l y  s p a c e d  t h r o u g h o u t  e a c h  
r e a c h .  I  m e a s u r e d  r e a c h  l e n g t h s  i n  t h e  f i e l d  a n d  d e t e r m i n e d  t h e
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d i s t a n c e s  b e l o w  t h e  dam o f  t h e  l a t t e r  two  r e a c h e s  f r o m  a  1 : 2 4 , 0 0 0  USGS 
t o p o g r a p h i c  ma p .
T h e  p r o d u c t i v i t y  a n a l y s e s  w e r e  c o n d u c t e d  o v e r  a  24 h p e r i o d  o n  
2 3 - 2 4  A u g u s t  1 9 8 0 .  T r i p l i c a t e  d i s s o l v e d  o x y g e n  s a m p l e s  w e r e  o b t a i n e d  
f r o m  e a c h  s t a t i o n  a t  a p p r o x i m a t e l y  f o u r  h o u r  i n t e r v a l s .  T h e s e  s a m p l e s  
w e r e  c o l l e c t e d  i n  t h e  m a i n  c u r r e n t  n e a r  t h e  s t r e a m  b e d  i n  3 0 0  ml  BOD 
b o t t l e s ,  a n d  w a t e r  t e m p e r a t u r e  w a s  r e c o r d e d  a t  t h e  t i m e  o f  s a m p l e  
c o l l e c t i o n .  T h e  s a m p l e s  w e r e  f i x e d  a c c o r d i n g  t o  t h e  a z i d e  m o d i f i c a t i o n  
o f  t h e  W i n k l e r  m e t h o d  ( S t a n d a r d  M e t h o d s  1 9 7 6 ) ,  t h e n  s t o r e d  a w a y  f r o m  
d i r e c t  s u n l i g h t  u n t i l  a l l  s a m p l e s  c o u l d  b e  c o l l e c t e d  a n d  t r a n s p o r t e d  t o  
a  t e m p o r a r y  l a b o r a t o r y ,  16  km f r o m  t h e  s t u d y  s i t e .  S a m p l e s  w e r e  
t i t r a t e d  a c c o r d i n g  t o  t h e  t e c h n i q u e  o f  C a r p e n t e r  ( 1 9 6 5 ) ,  a n d  t h e  
t i t r a t i o n s  w e r e  c o m p l e t e d  w i t h i n  3 . 5  h o f  t h e  t i m e  o f  c o l l e c t i o n  w i t h  
a n  a v e r a g e  p r e c i s i o n ,  e x p r e s s e d  a s  a  c o e f f i c i e n t  o f  v a r i a t i o n ,  o f  0 . 3 7 % .
F o r  c o m p a r a t i v e  p u r p o s e s  I  a t t e m p t e d  t o  e s t i m a t e  p r o d u c t i v i t y  
f r o m  d i e l  v a r i a t i o n s  i n  d i s s o l v e d  i n o r g a n i c  c a r b o n ,  c a l c u l a t i n g  
c o n c e n t r a t i o n s  f r o m  pH a n d  a l k a l i n i t y  m e a s u r e m e n t s  (Stumm a n d  M o r g a n  
1 9 7 0 ) .  A l t h o u g h  a n a l y t i c a l  p r e c i s i o n  w a s  h i g l i ,  r e s u l t s  w i t h  t h i s  
t e c h n i q u e  w e r e  a n o m a l o u s ,  i n d i c a t i n g  n e t  p r o d u c t i o n  t h r o u g h o u t  t h e  
n i g h t  i n  R e a c h  I I I .  T h i s  w a s  p r e s u m a b l y  d u e  t o  i n a c c u r a c i e s  i n  t h e  pH 
m e a s u r e m e n t s  r e s u l t i n g  f r o m  s a m p l e  s t o r a g e .  T h u s ,  r e p o r t e d  pH v a l u e s  
a r e  p r o b a b l y  l o w e r ,  a n d  f r e e  c a r b o n  d i o x i d e  h i g h e r ,  t h a n  t h e  a c t u a l  
c o n d i t i o n s .  T h e  o x y g e n  m e t h o d , i n  w h i c h  s a m p l e s  a r c  f i x e d ,  i s  
l o g i s t i c a l l y  s u p e r i o r  w h e r e  c i r c u m s t a n c e s  r u l e  o u t  s i t u  i n s t r u m e n t a l  
m e a s u r e m e n t s .
pH was measured potentiometrically in the laboratory to the nearest
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0 . 0 1  u n i t ,  a l k a l i n i t y  w a s  d e t e r m i n e d  b y  G r a n  t i t r a t i o n  ( S tumm a n d  M o r g a n  
1 9 7 0 ) ,  a n d  c o n d u c t i v i t y  w a s  m e a s u r e d  i n  t h e  f i e l d .  C o l l e c t i o n  o f  pH 
s a m p l e s  o c c u r r e d  a t  t h e  s am e  t i m e ,  a n d  i n  t h e  s ame  m a n n e r ,  a s  t h e  
o x y g e n  s a m p l e s ,  a n d  t h e  a v e r a g e  p r e c i s i o n  f o r  t h e  a n a l y s e s  w a s  0 . 1 7 % .
F o r  a l k a l i n i t y  a n a l y s e s  t r i p l i c a t e  1 0 0 . 0  ml  a l i q u o t s  o f  w a t e r  w e r e  
m e a s u r e d  i n t o  3 0 0  m l  BOD b o t t l e s — w i t h i n  w h i c h  t h e  t i t r a t i o n s  w e r e  
s u b s e q u e n t l y  p e r f o r m e d — a t  e a c h  u p s t r e a m  s t a t i o n  a t  e i g h t  h o u r  
i n t e r v a l s .  T h e s e  s a m p l e s  w e r e  k e p t  r e f r i g e r a t e d  a n d  l a t e r  t r a n s p o r t e d  
t o  M i s s o u l a  f o r  a n a l y s i s  o n  2 5 - 2 6  A u g u s t ;  r e s u l t i n g  a v e r a g e  p r e c i s i o n  
w a s  0 . 7 2 % .  I  c o n v e r t e d  f i e l d  c o n d u c t i v i t y  r e a d i n g s  t o  s p e c i f i c  
c o n d u c t i v i t y  a t  25C w i t h  t h e  c o n v e r s i o n  f a c t o r s  p r o v i d e d  b y  G o l t e r m a n  
( 1 9 7 1 ) ,  a n d  u s e d  t h e s e  v a l u e s  t o  e s t i m a t e  i o n i c  s t r e n g t h  ( S t a n d a r d  
M e t h o d s  1 9 7 6 ,  p .  5 0 6 ) .  E q u i l i b r i u m  c o n s t a n t s  w e r e  c a l c u l a t e d ,  a n d  
a d j u s t e d  f o r  t e m p e r a t u r e ,  f r o m  t h e  t h e r m o d y n a m i c  d a t a  o f  Wagman e t  a l .  
( 1 9 6 8 ) .
Solar illumination was measured with a Weston photometer at the 
upstream station of Reach III during sampling. I subsequently measured 
light intensity at ten evenly spaced sites within each reach, including 
the upstream station of Reach I I I ,  during different times of the day. 
From these data I constructed light rating curves for each stream 
segment, enabling me to estimate average total illumination for the 
three reaches on the day of the analysis.
Atmospheric pressure records from the US Weather Bureau stations 
at the Missoula County and Flathead County airports— 55 km WSW and 143  
km NNW from Owl Creek, rcspectively--provided an estimate for pressure 
at the study site, after correcting for elevational and temperature
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d i f f e r e n c e s  ( H u t c h i n s o n  1 9 5 7 ) .  O x y g e n  s a t u r a t i o n  v a l u e s  w e r e  d e r i v e d  
f r o m  M o n t g o m e r y  e t  a l .  ( 1 9 6 4 ) ,  a n d  I  c a l c u l a t e d  o x y g e n  e x c h a n g e  
c o e f f i c i e n t s  f r o m  t h e  s t r e a m  m o r p h o l o g y  f o r m u l a  o f  Owens  e t  a l .  ( 1 9 6 4 ) .
I  e s t i m a t e d  d i f f u s i o n  a n d  p r o d u c t i o n  r a t e s  w i t h  t h e  t w o  s t a t i o n  
m e t h o d  o f  Odum ( 1 9 6 5 )  ( e l a b o r a t e d  o n  b y  Owens  1 9 6 9 ) .  O x y g e n  a n d  
t e m p e r a t u r e  m e a s u r e m e n t s  f r o m  t h e  d o w n s t r e a m  s t a t i o n s  o f  e a c h  r e a c h  
w e r e  f i t  t o  t i m e  c u r v e s  b y  c u b i c  s p l i n e  i n t e r p o l a t i o n  ( T e k t r o n i x  
S e r i e s  4 0 5 0 A ,  P l o t  50  S t a t i s t i c s )  t o  e s t i m a t e  v a l u e s  t o  c o i n c i d e  w i t h  
m e a n  r e t e n t i o n  t i m e s .  D i u r n a l  r e s p i r a t i o n  r a t e s  w e r e  d e r i v e d  b y  
a p p l y i n g  a  o f  2 t o  t h e  a v e r a g e  n o c t u r n a l  r e s p i r a t i o n s  a n d
t e m p e r a t u r e s  f r o m  e a c h  s t r e a m  s e g m e n t  (Owens  1 9 6 9 ) .  B e c a u s e  e a c h  
s t a t i o n  w a s  s a m p l e d  o n l y  t w i c e  d u r i n g  t h e  n i g h t ,  I  a s s u m e d  a  t o t a l  
c e s s a t i o n  o f  p h o t o s y n t h e s i s  d u r i n g  t h e  p e r i o d  f r o m  o n e  h a l f  h o u r  a f t e r  
s u n s e t  u n t i l  a  h a l f  h o u r  b e f o r e  s u n r i s e  t o  a v o i d  o v e r e s t i m a t i n g  g r o s s  
p r o d u c t i o n .
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RESULTS
H y d r a u l i c »  p h y s i c a l ,  a n d  c h e m i c a l  p a r a m e t e r s  f o r  t h e  t h r e e  r e a c h e s  
d u r i n g  t h e  s a m p l i n g  p e r i o d  a r e  p r e s e n t e d  i n  T a b l e  1 .  I n  F i g u r e  2 t h e  
p a t t e r n s  o f  c h a n g e  i n  t h e  h o u r l y  r a t e s  o f  d i s s o l v e d  o x y g e n  c h a n g e  
b e t w e e n  s t a t i o n s , X ,  d i f f u s i o n  i n t o  t h e  w a t e r ,  c o m m u n i t y
r e s p i r a t i o n ,  R ,  a n d  g r o s s  p r i m a r y  p r o d u c t i o n ,  , r e v e a l  t h e  t r e n d
t o w a r d  i n c r e a s e d  m e t a b o l i c  a c t i v i t y  d o w n s t r e a m  f r o m  t h e  l a k e .  T h a t  
R e a c h  I  w a s  a t  a l l  t i m e s  s u p e r s a t u r a t e d  w i t h  o x y g e n  ( T a b l e  1 a n d  
F i g u r e  2 )  a t t e s t s  t o  t h e  h i g h  p r o d u c t i v i t y  o f  P l a c i d  L a k e .
P r e l i m i n a r y  s a m p l i n g  i n d i c a t e d  t h a t  t h e  o u t f a l l  z o n e  i s  n o t  a l w a y s  
s u p e r s a t u r a t e d ,  t h u s  I  c o n c l u d e  t h a t  t h e  c o n s t a n t  s u p e r s a t u r a t i o n  
o b s e r v e d  d u r i n g  t h i s  a n a l y s i s  c a n  n o t  b e  e n t i r e l y  a t t r i b u t a b l e  t o  a i r  
e n t r a p m e n t  b y  w a t e r  s p i l l i n g  o v e r  t h e  d a m .
2
E s t i m a t e d  v a l u e s  o f  d a i l y  P ^ , R ,  a n d  P ^ ,  i n  mmol  Og/m / d , a l o n g  
w i t h  P / R  f o r  e a c h  r e a c h  a r e  l i s t e d  i n  T a b l e  2 .  N o t e  t h a t  P i s
g  n
n e g a t i v e  i n  a l l  t h r e e  s t r e a m  s e c t i o n s ,  t h u s  P ^ / R  i s  l e s s  t h a n  o n e  i n  
e a c h  c a s e ,  m a k i n g  a l l  t h r e e  r e a c h e s  h e t e r o t r o p h i c  s y s t e m s  o n  t h e  d a y  
o f  t h e  a n a l y s e s .  A l l  d a t a  u s e d  i n  c a l c u l a t i n g  t h e s e  v a l u e s  a r e  
c o n t a i n e d  i n  t h e  a p p e n d i c e s .
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T a b l e  1 .  h y d r a u l i c ,  n h y s i c a l , a n d  c h e m i c a l  p a r a m e t e r s  f o r  t h e  
t h r e e  s a m p l e  r e a c h e s  o n  t h e  d a y  o f  a n a l y s i s .  R a n g e s  a r e  g i v e n  f o r  
v a r i a b l e  p a r a m e t e r s .
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P a r a m e t e r R e a c h  I R e a c h  I I R e a c h  I I I
D i s t a n c e  f r o m  dam t o  m i d ­
r e a c h  (m) 42 1 2 0 0 2 5 0 0
L e n g t h  (m) 81 552 4 7 6
Mean  d e p t h  (m) 0 . 2 9 0 . 1 3 - 0 . 1 5 0 . 1 4 - 0 . 1 5
Mean  v e l o c i t y  ( m / s ) 0 . 0 4 7 0 . 2 1 - 0 . 2 5 0 . 2 1 - 0 . 2 6
3
D i s c h a r g e  (m / s ) 0 . 1 6 0 . 3 0 - 0 . 4 2 0 . 3 1 - 0 . 4 4
Mean  r e t e n t i o n  t i m e  ( h ) 0 . 4 8 0 . 6 1 - 0 . 7 3 0 . 5 1 - 0 . 6 3
D i s s o l v e d  o x y g e n  ( f l m o l / l ) 2 5 9 - 3 0 5 2 4 4 - 2 7 0 2 4 5 - 2 8 0
O x y g e n  s a t u r a t i o n  
( y m o l / 1 ) 2 4 5 - 2 6 0 2 4 2 - 2 7 1 2 4 1 - 2 7 8
pH 8 . 5 - 9 . 2 8 . 1 - 8 . 8 7 . 9 - 8 . 8
A l k a l i n i t y  ( m e q / l ) 1 . 2 5 1 . 2 7 - 1 . 2 8 1 . 2 7 - 1 . 3 0
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  @ 25C) 1 1 0 - 1 2 0 1 1 0 - 1 2 0 1 1 0 - 1 2 0
F r e e  c a r b o n  d i o x i d e  
( y t n o l /  1 ) 1 . 8 - 9 . 2 4 . 3 - 2 6 4 . 2 —4 2
T e m p e r a t u r e  ( C) 1 6 , 9 - 1 9 . 6 1 5 . 0 - 2 0 . 6 1 3 . 9 - 2 0 . 6
S o l a r  r a d i a t i o n  ( l u x - d ) 5 . 9 x 1 0 ^ 3 . 4 x 1 0 ^ 4 . 0 x 1 0 ^
u p s t r e a m  s t a t i o n  o f  
R e a c h  I I I 3 . 3 x 1 0 '
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F i g u r e  2 .  H o u r l y  r a t e s  o f  d i s s o l v e d  o x y g e n  c h a n g e  b e t w e e n  u p s t r e a m  
a n d  d o w n s t r e a m  s t a t i o n s  ( X ) ,  d i f f u s i o n  i n t o  t h e  w a t e r  (D.  ) ,  o x y g e ni n
w i t h d r a w a l  d u e  t o  r e s p i r a t i o n  ( R ) ,  a n d  g r o s s  p r o d u c t i o n  ( P ^ ) .  One  h a l f  
h o u r  a f t e r  s u n s e t  a n d  b e f o r e  s u n r i s e  d e n o t e d  b y  o .
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T a b l e  2 .  V a l u e s  o f  n e t  p r o d u c t i o n  ( P  ) ,  c o m m u n i t y  r e s p i r a t i o n  ( R ) ,n
a n d  g r o s s  p r i m a r y  p r o d u c t i o n  ( P ^ )  f o r  t h e  t h r e e  r e a c h e s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 0
2
mmol  O^ /m / d
P R P P / Rn 8 g
R e a c h  I - 6 48 4 2 0 . 8 8
R e a c h  I I - 2 8 119 91 0 . 7 6
R e a c h  I I I - 3 2 177 145 0 . 8 2
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DISCUSSION
To f a c i l i t a t e  c o m p a r i s o n  o f  my v a l u e s  w i t h  p r e v i o u s l y  p u b l i s h e d
e s t i m a t e s  o f  s t r e a m  p r o d u c t i v i t y ,  I  h a v e  t r a n s f o r m e d  t h e  f o l l o w i n g
f i g u r e s  t o  o x y g e n  e q u i v a l e n t s  b y  a s s u m i n g  a  p h o t o s y n t h e t i c  q u o t i e n t
o f  1 . 0  a n d  a n  e n e r g y  e q u i v a l e n t  o f  1 1 4  k c a l / m o l  o f  c a r b o n  f i x e d  o r
r e s p i r e d  ( S t r y e r  1 9 7 5 ) .
I n  s u m m a r i z i n g  m e a n  a n n u a l  g r o s s  p r i m a r y  p r o d u c t i o n  d a t a  f r o m
2
s t r e a m s ,  M i n s h a l l  ( 1 9 7 8 )  c i t e s  v a l u e s  r a n g i n g  f r o m  0 - 3  mmol  Og / m / d
2i n  B e a r  B r o o k ,  New H a m p s h i r e  t o  6 5 4  mmol  Og / m / d  i n  t h e  B l u e  R i v e r ,
2
O k l a h o m a .  T h e  m e d i a n  f o r  t h e  14  s t u d i e s  c o n s i d e r e d  i s  96  mmol  Og/m / d .
T h e r e  a r e  f e w  r e p o r t e d  v a l u e s  o f  c o m m u n i t y  m e t a b o l i s m  f o r  R o c k y  
M o u n t a i n  s t r e a m s .  M c C o n n e l l  a n d  S i g l e r  ( 1 9 5 9 )  s t u d i e d  p r o d u c t i v i t y  
i n  a  m o u n t a i n  r i v e r  i n  U t a h .  T h e y  a n a l y z e d  a n  i m p o u n d m e n t ,  w i t h  t h e
o p e n  s t r e a m  o x y g e n  m e t h o d  e m p l o y e d  h e r e ,  a n d  f o u n d  a  o n  a  J u l y  d a y
2
o f  127  mmol  0^/m  / d ,  a n d  a r b i t r a r i l y  e x t r a p o l a t e d  t h i s  r e s u l t  t o  a  m e a n
2v a l u e  o f  70  mmol  O ^ / m / d f o r  t h e  y e a r .  P r o d u c t i v i t y  o f  t h r e e  o t h e r  
f r e e - f l o w i n g  s t r e t c h e s  o f  t h e  r i v e r ,  a s s e s s e d  f r o m  c h l o r o p h y l l
2
e x t r a c t i o n s  a n d  a v e r a g e d  o v e r  a  y e a r ,  r a n g e d  f r o m  18 t o  76  mmol  Og / m / d 
o f  p h o t o s y n t h e t i c  a c t i v i t y .  No v a l u e s  o f  P^  o r  R w e r e  r e p o r t e d .
W r i g h t  a n d  M i l l s  ( 1 9 6 7 )  e s t i m a t e d  t h e  p r o d u c t i v i t y  o f  f i v e  
c o n s e c u t i v e  r e a c h e s  o f  t h e  u p p e r  M a d i s o n  R i v e r  i n  Y e l l o w s t o n e  P a r k  w i t h  
t h e  o p e n  s t r e a m  i n o r g a n i c  c a r b o n  t e c h n i q u e  d u r i n g  J u l y  a n d  A u g u s t .  The  
M a d i s o n  r e c e i v e s  c o n s i d e r a b l e  i n p u t s  o f  t h e r m a l  w a t e r  f r o m  t r i b u t a r i e s  
f l o w i n g  f r o m  h o t  s p r i n g s  a n d  g e y s e r s .  T h e  a v e r a g e  v a l u e s  o f  P ^ ,  R ,  a n d
21
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2
P g  w e r e  f o u n d  t o  b e  1 0 0 ,  5 0 ,  a n d  1 5 0  mmol  O g / m / d , r e s p e c t i v e l y -  A l l  
t h r e e  v a l u e s  d e c r e a s e d  i n  a  g e n e r a l  d o w n s t r e a m  t r e n d .  M a c r o p h y t e  
b i o m a s s  f o l l o w e d  a  s i m i l a r  p a t t e r n  o f  d o w n s t r e a m  r e d u c t i o n ,  b u t  n o  
g r o s s  c h a n g e  i n  w a t e r  c h e m i s t r y  w a s  n o t e d  e x c e p t  f o r  a  g e n e r a l  d e c r e a s e  
i n  t h e  c o n c e n t r a t i o n  o f  f r e e  c a r b o n  d i o x i d e  a n d  a  r e s u l t i n g  i n c r e a s e  i n  
pH.  T h e  a u t h o r s  h y p o t h e s i z e d  p r o d u c t i v i t y  l i m i t a t i o n  i n  t h e  l o w e r  
r e a c h e s  d u e  t o  l o w  c o n c e n t r a t i o n s  o f  f r e e  c a r b o n  d i o x i d e .
T h e  r e s u l t s  I  p r e s e n t  f o r  Owl C r e e k  a r e  w e l l  w i t h i n  t h e  r a n g e  
o f  p r e v i o u s l y  r e p o r t e d  v a l u e s  a n d  d o  n o t  d i f f e r  g r e a t l y  f r o m  o t h e r  
r e g i o n a l  e s t i m a t e s .  Wha t  i s  n o t e w o r t h y ,  h o w e v e r ,  i s  t h e  a p p a r e n t  t r e n d  
i n  t h e  m a g n i t u d e  o f  c o m m u n i t y  m e t a b o l i s m  a l o n g  t h e  s h o r t  l e n g t h  o f  t h e  
o u t l e t  e x a m i n e d .
D u r i n g  t h e  a n a l y s e s ,  t h e  o u t f a l l  z o n e  o f  Owl C r e e k  s u p p o r t e d  a  v e r y  
l o w  p l a n t  b i o m a s s  r e l a t i v e  t o  t h e  d o w n s t r e a m  r e a c h e s .  C h a n n e l  s u b s t r a t e  
a n d  m o r p h o l o g y  p r o v i d e  n o  a p p a r e n t  c l u e  a s  t o  why t h i s  i s  s o ,  b u t  t h e r e  
w a s  s u b s t a n t i a l l y  l e s s  f r e e  c a r b o n  d i o x i d e  i n  t h e  f i r s t  r e a c h  t h a n  i n  
R e a c h e s  I I  a n d  I I I  ( T a b l e  1 ) .  B e c a u s e  m o s s e s ,  w h i c h  a r e  u n a b l e  t o  u s e  
b i c a r b o n a t e  i o n s  f o r  p h o t o s y n t h e s i s  ( R u t t n e r  1 9 6 3 ) ,  a r e  t h e  p r e d o m i n a n t  
p r o d u c e r s  i n  R e a c h  I ,  i t  may b e  t h a t  p r o d u c t i v i t y  l i m i t a t i o n  o c c u r s  i n  
t h i s  r e a c h  a t  t i m e s  o f  l o w  f r e e  c a r b o n  d i o x i d e  c o n c e n t r a t i o n s .
D e p l e t i o n  o f  c a r b o n  d i o x i d e  i n  t h e  l a k e  w a t e r  c o n t r i b u t e d  t o  t h e  o u t l e t  
c o u l d  b e  a t t r i b u t a b l e  t o  h i g h  r a t e s  o f  l a c u s t r i n e  p r o d u c t i o n .
I t  i s  p o s s i b l e  t h a t  h i g h  b i o l o g i c a l  p r o c e s s i n g  r a t e s  o c c u r r i n g  i n  
t h e  l a k e  a r e  r e s p o n s i b l e  f o r  t h e  d e p l e t i o n  o f  m i c r o n u t r i e n t s .  S u c h  
e l e m e n t s  b o u n d  i n  r e f r a c t o r y  p a r t i c u l a t e  o r g a n i c  m a t t e r  w o u l d  h a v e  t o  
b e  p r o c e s s e d  b y  s t r e a m  c o n s u m e r s  b e f o r e  b e c o m i n g  a v a i l a b l e  t o  l o t i e
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p r o d u c e r s  f a r t h e r  d o w n s t r e a m .  B e c a u s e  50% o f  t h e  w a t e r  f l o w i n g  t h r o u g h  
R e a c h e s  I I  - and  I I I  d u r i n g  t h e  t i m e  o f  t h e  s t u d y  w a s  n o t  d e r i v e d  f r o m  
t h e  l a k e  ( T a b l e  1 ) ,  a n  a l t e r n a t i v e  c a u s e  f o r  t h e  p r o d u c t i v i t y  g r a d i e n t  
m i g h t  b e  t h e  e n r i c h m e n t  o f  t h e  l a c u s t r i n e - d e r i v e d  w a t e r  w i t h  
t e r r i g e n o u s l y - d e r i v e d  n u t r i e n t s .
F u r t h e r  s t u d y  o v e r  t i m e  a n d  o f  d i f f e r e n t  o u t l e t  s y s t e m s  i s  
r e q u i r e d  t o  d e t e r m i n e  w h e t h e r  m e t a b o l i c  g r a d i e n t s  l i k e  t h e  o n e  f o u n d  i n  
Owl  C r e e k  e x i s t  i n  o t h e r  s u c h  s t r e a m s ,  a n d  i f  s o ,  t o  s e e  i f  t h e y  p e r s i s t  
i n  t i m e .  C e r t a i n  l a c u s t r i n e  e v e n t s  s u c h  a s  v e r n a l  o r  a u t u m n a l  t u r n o v e r ,  
s t r a t i f i c a t i o n ,  a n d  a l g a l  b l o o m s  ma y  h a v e  s i g n i f i c a n t  i m p a c t s  u p o n  
o u t l e t  s t r e a m s .  S i t u a t i o n s  ma y  v a r y  f r o m  y e a r  t o  y e a r ;  f o r  e x a m p l e ,  
d u r i n g  t h e  t w o  s u m m e r s  p r i o r  t o  t h i s  s t u d y ,  a  v i r t u a l  c a r p e t  o f  m o s s  
c o v e r e d  t h e  p o o l  b e l o w  t h e  dam o n  Owl C r e e k .  Oswood  ( 1 9 7 6 )  a l s o  
o b s e r v e d  a b u n d a n t  m o s s  c r o p s  i n  t h e  o u t f a l l  r e g i o n  d u r i n g  t h e  c o u r s e  o f  
h i s  r e s e a r c h .  T h r o u g h o u t  t h e  summer  o f  1 9 8 0 ,  h o w e v e r ,  m o s s  g r o w t h  w a s  
s u p p r e s s e d  f o r  some u n k n o w n  r e a s o n .
B e s i d e s  t h e  n e e d  f o r  m o r e  p r o d u c t i v i t y  s t u d i e s  i n  l a k e  o u t l e t s ,  
r e s e a r c h  o n  t h e  v a r i a t i o n  i n  n u t r i e n t  b u d g e t s  i n  d i f f e r e n t  r e a c h e s  
a l o n g  t h e  l e n g t h  o f  s u c h  s t r e a m s  i s  w a r r a n t e d .  L a k e  o u t l e t s  a r e  
i d e a l l y  s u i t e d  f o r  e c o s y s t e m s  s t u d i e s  s i n c e  i t  a p p e a r s  t h a t  s p a t i a l  
p e r t u r b a t i o n s  r e s u l t i n g  f r o m  n a t u r a l  p o i n t  s o u r c e  l o a d i n g  a n d  
l o n g i t u d i n a l  p r o c e s s i n g  o c c u r  w i t h i n  s h o r t  d i s t a n c e s .
I  r e c o m m e n d  u s e  o f  t h e  o p e n  s t r e a m  m e t h o d  o f  a s s e s s i n g  c o m m u n i t y  
m e t a b o l i s m  w h e r e  f e a s i b l e ,  b e c a u s e  i t  i n t e g r a t e s  t h e  a c t i v i t y  o f  t h e  
e n t i r e  s y s t e m  a n d  e l i m i n a t e s  t h e  n e e d  f o r  r e p l i c a t i o n  w i t h i n  d i f f e r e n t  
a r e a s  o f  a  r e a c h  t o  a c c o u n t  f o r  t h e  c o n s i d e r a b l e  s p a t i a l  h e t e r o g e n e i t y
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f o u n d  i n  m o s t  s t r e a m s  ( P o t t  e t  a l .  1 9 7 8 ) .  Many r e s e a r c h e r s  h a v e  
b e m o a n e d  t h e  f a c t  t h a t  s m a l l ,  s w i f t - f l o w i n g  s t r e a m s ,  s u c h  a s  t h e  l a t t e r  
t w o  r e a c h e s  o n  Owl  C r e e k ,  h a v e  d i f f u s i o n  r a t e s  w h i c h  a r e  s i g n i f i c a n t l y  
h i g h e r  t h a n  t h e  m e a s u r e d  r a t e s  o f  c h a n g e  i n  g a s  c o n c e n t r a t i o n  b e t w e e n  
t w o  s t a t i o n s  ( M c C o n n e l l  a n d  S i g l e r  1 9 5 9 ,  W r i g h t  a n d  M i l l s  1 9 6 7 ,  B o t t  e t  
a l .  1 9 7 8 ) .  As l o n g  a s  s t a t i s t i c a l l y  s i g n i f i c a n t  d e p a r t u r e s  f r o m  g a s  
s a t u r a t i o n  l e v e l s  a r e  f o u n d  t h i s  m e t h o d  c a n  b e  u s e d ,  p r o v i d i n g  a  
r e l i a b l e  e s t i m a t e  f o r  t h e  g a s  e x c h a n g e  c o e f f i c i e n t  c a n  b e  o b t a i n e d .
O ne  m u s t  r e a l i z e  t h a t  t h e r e  i s  n o t h i n g  i n h e r e n t l y  w r o n g  w i t h  f i n d i n g  
r a t e s  o f  o x y g e n  c o n c e n t r a t i o n  c h a n g e  o f ,  o r  c l o s e  t o ,  z e r o  i f  p r o p e r  
a n d  p r e c i s e  a n a l y t i c a l  t e c h n i q u e s  a r e  e m p l o y e d .  B e c a u s e  p o i n t  e s t i m a t e s  
o f  c o m m u n i t y  m e t a b o l i s m  a r e  b e s t  e x p r e s s e d  o n  a  p e r  h o u r  b a s i s ,  I  
r e c o m m e n d  a l l o w i n g  f o r  a  r e t e n t i o n  t i m e  o n  t h e  o r d e r  o f  a n  h o u r  
b e t w e e n  t h e  u p s t r e a m  a n d  d o w n s t r e a m  s t a t i o n s .  A m e a s u r e d  z e r o  r a t e  o f  
o x y g e n  c o n c e n t r a t i o n  c h a n g e  w o u l d  t h e n  b e  m e a n i n g f u l  w i t h i n  t h e  b o u n d s  
o f  a n a l y t i c a l  p r e c i s i o n .
C o m b i n i n g  u p s t r e a m  a n d  d o w n s t r e a m  d i s s o l v e d  g a s  c u r v e s  w h i c h  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  t o  a n a l y z e  t h e  c o m b i n e d  c u r v e  a s  i f  i t  w e r e  
d e r i v e d  f r o m  a  s i n g l e  s t a t i o n  ( B o t t  e t  a l .  1 9 7 8 )  s h o u l d  b e  a v o i d e d .  
A n a l y s i s  o f  a  s i n g l e  s t a t i o n  c u r v e  a s s u m e s  u p s t r e a m  e n v i r o n m e n t a l  
h o m o g e n e i t y  (Odum 1 9 5 6 )  w h i c h  g e n e r a l l y  d o e s  n o t  o c c u r  i n  l o t i e  s y s t e m s .  
One s h o u l d  a l s o  d e t e r m i n e  g a s  e x c h a n g e  c o e f f i c i e n t s  w i t h  a s  much  c a r e  
a s  o n e  g i v e s  t o  m e a s u r e m e n t s  o f  d i s s o l v e d  g a s  c o n c e n t r a t i o n s .  I  
b e l i e v e  t h a t  t h i s  m e t h o d ,  u s e d  p r o p e r l y ,  c a n  b e  a p p l i e d  t o  a  w i d e  r a n g e  
o f  r u n n i n g  w a t e r  e n v i r o n m e n t s ,  i n c l u d i n g  t h o s e  w i t h  h i g h  d i f f u s i o n  
r a t e s ,  a s  l o n g  a s  o n e  i s  a b l e  t o  e s t i m a t e  d i f f u s i o n  r e l i a b l y .
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APPENDIX A
UPSTREAM AND DOWNSTREAM PARAMETERS AT THE TIME OF SAMPLING
P h y s i c a l  a n d  c h e m i c a l  s t r e a m  p a r a m e t e r s  d e t e r m i n e d  f o r  t h e  
t i m e s  o f  s a m p l i n g  a r e  l i s t e d  f o r  b o t h  s t a t i o n s  o f  e a c h  r e a c h  b y  
s a m p l i n g  p e r i o d .  I f  a  p a r a m e t e r  w a s  n o t  m e a s u r e d  a t  a  p a r t i c u l a r  
s t a t i o n  i t  i s  d e n o t e d  b y  M i s s i n g  o b s e r v a t i o n s  o f  s t a g e  h e i g h t
f o r  R e a c h e s  I  a n d  I I  w e r e  e s t i m a t e d  f r o m  t h e  o b s e r v a t i o n s  i n  R e a c h  I I I  
a n d  c o r r e l a t i o n s  o f  s t a g e  h e i g h t s  b e t w e e n  r e a c h e s .  E s t i m a t e d  
o b s e r v a t i o n s  a r e  d e n o t e d  b y  ( ) .
A l k a l i n i t y  w a s  a s s u m e d  t o  r e m a i n  c o n s t a n t  t h r o u g h o u t  a  r e a c h  a t  
a n y  g i v e n  t i m e ,  a n d  v a l u e s  o f  t h i s  p a r a m e t e r  f o r  t h e  e v e n  n u m b e r e d  
s a m p l i n g  p e r i o d s  w e r e  e s t i m a t e d  b y  i n t e r p o l a t i o n .
T h e  n e g a t i v e  l o g a r i t h m  o f  H e n r y ' s  c o n s t a n t  f o r  t h e  d i s s o l u t i o n  o f  
c a r b o n  d i o x i d e  i n  w a t e r ,  a d j u s t e d  f o r  t e m p e r a t u r e ,  i s  d e n o t e d  b y  pK . 
p K | , p K g ,  a n d  pK^ d e n o t e d  t h e  n e g a t i v e  l o g a r i t h m s  o f  t h e  m i x e d  a c i d i t y  
c o n s t a n t s ,  a d j u s t e d  f o r  t e m p e r a t u r e ,  f o r  t h e  f i r s t  a n d  s e c o n d  
d i s s o c i a t i o n s  o f  c a r b o n i c  a c i d ,  a n d  t h e  d i s s o c i a t i o n  o f  w a t e r ,  
r e s p e c t i v e l y .
E s t i m a t e s  o f  d r y  a t m o s p h e r i c  p r e s s u r e  w e r e  o b t a i n e d  b y  a s s u m i n g  
t h a t  t h e  a i r  a t  t h e  a i r - w a t e r  i n t e r f a c e  w a s  s a t u r a t e d  w i t h  w a t e r .  T h e  
m o l e  f r a c t i o n  o f  c a r b o n  d i o x i d e  i n  t h e  a t m o s p h e r e  w a s  a s s u m e d  t o  b e  a  
c o n s t a n t  0 . 0 3 3 % .
30
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Sampling period
Date
T i m e  (>!DT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (tnm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm H g )
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( p m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( j j m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  @ 2 5 C )
I o n i c  s t r e n g t h  ( m m o l / 1 )
pK'
pK'
""J
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( p m o l / l )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( p m o l / l )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  f m m o l / 1 )
Reach I
Upstream Station
1
2 3 r d
1 4 2 5
1 8 . 4
2 2 . 6
6 5 5
2 0 . 6  
52 
276  
2 5 2  
8 . 7 2  
1 . 2 4 9
1 1 3
2 . 0
1 . 3 8 6
6 . 3 7 2
1 0 . 3 2 3
1 4 . 1 9 7
5 . 6 2
1 1 . 3
1 . 2 2
Downstream Station
1
2 3 r d
1 44 2
1 9 . 4
2 4 . 3
6 5 5
2 2 . 8
276
2 4 6
8 . 7 0
111
2 . 0
1 . 3 9 9
6 . 3 6 7
1 0 . 3 1 4
1 4 . 1 6 2
5 . 8 2
1 1 . 0
1 . 2 2
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  0 25C)
I o n i c  s t r e n g t h  ( m m o l / 1 )
pK
H
pKj
p K ’
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o I / 1 )
Reach I
Upstream Station
2
2 3 r d
1 8 3 0
1 9 . 4
2 2 . 8
6 5 5
2 0 . 8
( 5 2 )
297
246
9 . 0 2
111
2 . 0  
1.  399  
6 . 3 6 7  
1 0 . 3 1 4  
1 4 . 1 6 2
2 . 6 5
1 1 . 0
1 . 1 9
Downstream Station
2
2 3 r d
1 8 4 0
1 9 . 0
2 0 . 3
655
1 7 . 9
292
2 49
8 . 9 9
112  
2 . 0  
1 . 3 9 4  
6 . 3 6 9  
1 0 . 3 1 8  
1 4 . 1 7 6
2 . 8 7
1 1 . 2
1.19
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm H g )
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o I / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  (? 25C)
I o n i c  s t r e n g t h  ( t n r r o l / 1 )
p k ;
pK'
D i s s o l v e d  f r e e  ca  r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / I )
Reach I
Upstream Station
3
2 3 r d
2 2 5 2
1 8 . 4
9 . 9
6 5 6
9 . 1
( 5 2 )
305  
2 53  
9 . 1 7  
1 . 2 4 6
113 
2 . 0  
1 . 3 8 6  
6 . 3 7 2  
1 0 . 3 2 3  
1 4 . 1 9 7
1 . 8 3
1 1 . 6
1 . 16
Downstream Station
3
2 3 r d  
2 3 0 8  
1 8 . 1  
9 . 0
6 5 6
8 . 6
296
254
9 . 1 1
114
2 . 1
1 . 3 8 3
6 . 3 7 3
1 0 . 3 2 5
1 4 . 2 0 6
2 . 1 5
1 1 . 7
1.18
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S a m p l i n g  p e r i o d
D a t e
T i m e  (>ÎDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm H g )
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm H g )
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( u m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e o / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  0 25C)
I o n i c  s t r e n g t h  ( m m o l / l )  
pK[
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / l )
R e a c h  I
U p s t r e a m  S t a t i o n
4
2 4 t h
0 2 2 5
1 7 . 9
5 . 7
6 5 5
6 . 9
( 5 2 )
294
2 55
9 . 0 5
108
1 . 9
1 . 3 8 0
6 . 3 7 5
1 0 . 3 3 0
1 4 . 2 1 4
2 . 5 1
1 1 . 7
1 . 1 9
D o w n s t r e a m  S t a t i o n
4
24 t h  
0 2 3 9  
1 8 . 4
5 . 0
6 55
6 . 5
287
252
9 . 0 2
107
1 . 9
1 . 3 8 6
6 . 3 7 3
1 0 . 3 2 5
1 4 . 1 9 7
2 .  70
1 1 . 6
1 . 1 9
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S a m p l i n g  p e r i o d
D a t e
T i m e  (>mT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (tnm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( p m o l / l )  
O x y g e n  s a t u r a t i o n  ( ] J m o l / l )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( j j m h o / c m  (3 2 5 C)
I o n i c  s t r e n g t h  ( t r a r . o l / 1 )
pKj
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( | j m o l / l )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( j J m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
R e a c h  I
U p s t r e a m  S t a t i o n
5
2 4 t h
0 6 4 7
1 7 . 0
3 . 8
6 55
6.0
( 5 2 )
2 7 3
2 6 0
8 . 8 1
1 . 2 5 1
110
2 . 0  
1 . 3 6 9
6 . 3 7 9
1 0 . 3 3 6
1 4 . 2 4 5
4 . 6 0
1 2 . 0
1 . 21
D o w n s t r e a m  S t a t i o n
5
24 t h  
0 7 0 2
1 6 . 9  
2 . 8
65 5
5 . 6
270
260
8 . 7 3
110
2 . 0
1 . 3 6 8
6 . 3 7 9
1 0 . 3 3 7
1 4 . 2 4 8
5 . 5 8
1 2 . 1
1 .22
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Sampling period
Date
T i m e  (^ÎDT )
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( w m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( p m o l / l )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  0 25C)
I o n i c  s t r e n g t h  ( m m o l / l )
p K |
pK'
" " w
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( u m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / l )
Reach I
Upstream Station
6
2 4 t h
1 0 4 0
1 7 . 2
1 7 . 1
65 5
1 4 . 6
( 5 2 )
259
2 5 8
8 . 5 2
1 16
2 . 1
1 . 3 7 2
6 . 3 7 7
1 0 . 3 3 3
1 4 . 2 3 7
9 . 1 8
1 1 . 8
1 . 2 4
Downstream Station
6
2 4 t h  
1052  
1 7 . 1  
1 6 .  2
6 5 5
1 3 . 8
262
258
8 . 5 4
116
2 . 1
1 . 3 7 0
6 . 3 7 8
1 0 . 3 3 4
1 4 . 2 4 1
8 . 7 7
1 1 . 9
1.24
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( u m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  0 25C)
I o n i c  s t r e n g t h  ( m m o l / 1 )  
pKJ
P'^2
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( r r t m o l / l )
Reach I
Upstream Station
7
2 4 t h
1451
1 9 . 6
2 7 . 9
655
2 8 .  2 
( 5 2 )
2 7 3  
2 45  
8 . 8 2  
1 .  251
111 
2 . 0  
1 . 4 0 1  
6 . 3 6 6  
1 0 . 3 1 2  
1 4 . 1 5 6
4 . 3 4
1 0 . 8
1 . 2 1
Downstream Station
7
24 t h  
1 5 0 6  
1 9 . 4  
2 8 . 8
655
2 9 . 7
270
246
8 . 8 0
111
2 . 0
1 . 3 9 9
6 . 3 6 7
1 0 . 3 1 4
1 4 . 1 6 2
4 . 5 7
1 0 . 8
1.21
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S a m p l i n g  p e r i o d  
Da t e
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  Cc)
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (tnm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Kg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  <§ 25C)
I o n i c  s t r e n g t h  ( m m o l / l )
r I 
' t
p k ;
pK,’
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / l )
R e a c h  I I
Upstream Station
1
2 3 r d
1 3 3 0
1 7 . 9
1 9 . 8
6 5 8
1 7 . 3
262
255
8 . 6 1
1 . 2 6 8
114 
2 . 1  
1 . 3 8 0  
6 . 3 7 4  
1 0 . 3 2 6  
1 4 . 2 1 3
7 . 52
1 1 . 6
1 . 26
Downstream Station
1
2 3 r d
1 4 0 5
1 8 . 9
2 3 . 9
6 58
2 2 . 2  
93  
2 70  
251 
8 .  72
112  
2 . 0  
1 . 3 9 3  
6 . 3 7 0  
1 0 . 3 1 9  
1 4 . 1 8 0
5 . 7 2
1 1 . 2
1.25
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C)
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  {? 2 5C )
I o n i c  s t r e n g t h  ( m m o l / l )
pK,
pK'
p K '
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / l )
Reach II
Upstream Station
2
2 3 r d
1 74 5
1 8 , 9
2 6 . 7
6 5 6
2 6 . 3
255
249
8 . 7 8
112  
2 . 0  
1 . 3 9 3  
6 . 3 7 0  
1 0 . 3 1 9  
1 4 . 1 8 0
4 . 9 4
1 1 . 1
1 . 2 4
Downstream Station
2
2 3 r d
1811
1 8 . 8
2 1 . 3
6 5 6
1 9 . 0
( 9 0 )
25 3
251
8 . 7 4
112
2 . 0
1 . 3 9 1
6 . 3 7 0
1 0 . 3 2 0
1 4 . 1 8 3
5 . 4 5
1 1 . 2
1.25
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C)
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm H g )
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( u m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  @ 25C)
I o n i c  s t r e n g t h  ( m m o l / l )
p Kr
p k ;
p k ;
o K
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / l )
Reach II
Upstream Station
3
2 3 r d
2 1 5 6
1 7 . 7
1 1 . 2
65 7
1 0 . 0
2 5 0  
2 5 6  
8 . 6 9  
1.  282
115
2 . 1
1 . 3 7 8
6 . 3 7 5
1 0 . 3 2 8
1 4 . 2 2 0
6 . 2 2
1 1 . 8
1 . 2 5
Downstream Station
3
2 3 r d
2 2 2 4
1 7 . 1
8 . 4
657
8 . 3
( 9 0 )
2 4 4
2 6 0
8 . 3 7
116
2 . 1
1 . 3 7 0
6 . 3 7 8
1 0 . 3 3 4
1 4 . 2 4 1  
1 3 . 4  
1 2 . 0  
1 . 2 7
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm H g )
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  (? 2 5 C)
I o n i c  s t r e n g t h  ( m m o l / l )
p k ;
p k ;
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / l )
Reach II
Hpstream Station
4
2 4 t h
0 1 4 3
1 6 . 9
5 . 3
6 5 7
6 . 7
256
261
8 . 6 1
110 
2 . 0  
1 .  3 68  
6 . 3 7 9  
1 0 . 3 3 7
1 4 . 2 4 8  
7 . 6 1  
1 2 . 1  
1 . 2 6
Downstream Station
4
2 4 t h
0 2 0 7
1 6 . 0
5 . 6
6 5 7
6 . 8
( 9 0 )
252
26 6
8 . 2 6
113
2 . 0
1 . 3 5 7
6 . 3 8 4
1 0 . 3 4 6
1 4 . 2 8 0  
1 7 . 6  
1 2 . 4  
1 . 2 8
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Sampling period
Date
T i m e  ( î lDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( p m o l / l )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  @ 2 5 C )
I o n i c  s t r e n g t h  ( m m o l / 1 )  
pKi
pK'
P'S!;
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
Reach II
Upstream Station
5
2 4 t h
0 6 0 0
1 5 . 9
2 . 8
6 57
5 . 6
2 59
2 6 6
8 . 2 9
1 . 2 7 7
113
2 . 0
1 . 3 5 5
6 . 3 8 4
1 0 . 3 4 7
1 4 . 2 8 3
1 6 . 4
1 2 . 5  
1 . 2 8
Downstream Station
5
2 4 t h
0 6 2 5
1 5 . 0
3 . 9
6 57
6 . 1
( 9 0 )
258
271
8 . 0 9
115 
2 . 1  
1 . 3 4 3  
6 . 3 8 8  
1 0 . 3 5 4  
1 4 . 3 1 4
2 6 . 4
1 2 . 8
1.29
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm H g )
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  (? 25C)
I o n i c  s t r e n g t h  ( m m o l / 1 )
P ‘' h
p k ;
PK^
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / I )
Reach II
Upstream Station
6
2 4 t h
0 9 5 7
1 5 . 9
1 4 . 9
6 5 7
1 2 . 7
2 6 8
2 6 6
8 . 3 6
113
2 . 0
1 . 3 5 5
6 . 3 8 4
1 0 . 3 4 7
1 4 . 2 8 3
1 3 . 9
1 2 . 4
1 . 2 8
Downstream Station
6
24 t h  
1 0 1 9
1 5 . 4  
1 9 . 0
6 57
1 6 . 5  
( 9 0 )
268
269
8 . 2 4
114 
2 . 1  
1 . 3 4 9  
6 . 3 8 6  
1 0 . 3 5 0  
1 4 . 3 0 0
1 8 . 5
1 2 . 4
1.28
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  (3 25C)
I o n i c  s t r e n g t h  ( m m o l / 1 )
pKJ
pK'
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
Reach II
Upstream Station
7
2 4 t h
1 4 1 0
1 9 . 9
2 5 . 8
6 5 6
2 4 . 9
2 5 6
244
8 . 7 3
1 . 2 7 3
116  
2 . 1  
1 . 4 0 5  
6 . 3 6 4  
1 0 . 3 0 8  
1 4 . 1 4 5
5 . 4 9
1 0 . 8
1 . 2 5
Downstream Station
7
2 4 t h
1 43 3
2 0 . 6
2 6 . 6
65 6
2 6 . 1
( 9 0 )
263
242
8 . 8 3
114 
2 . 1  
1 . 4 1 3  
6 . 3 6 1  
1 0 . 3 0 2  
1 4 . 1 2 1
4 . 2 7
1 0 . 6
1 . 2 4
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( p m o l / l )  
O x y g e n  s a t u r a t i o n  ( p m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
(pmho / c i D  (3 2 5 0
I o n i c  s t r e n g t h  ( m m o l / 1 )
pK«
p K ’
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( l i m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / l )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
Reach III
Upstream Station
1
2 3 r d
1 5 1 0
1 9 . 6
2 3 . 8
190
6 5 8
2 2 . 1
267
247
8 . 8 0
1 . 2 7 9
122
2 . 3
1 . 4 0 1
6 . 3 6 5
1 0 . 3 0 8
1 4 . 1 5 4
4 . 6 9
1 1 . 0
1 . 2 5
Downstream Station
1
2 3 r d
1 5 3 4
1 9 . 6
2 3 - 7
657
2 2 . 0
33
271
2 4 6
8 . 8 3
122 
2 . 3  
1 . 4 0 1  
6 . 3 6 5  
1 0 . 3 0 8  
1 4 . 1 5 4
4 . 3 6
11.0
1.25
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C)
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  0 2 5 C )
I o n i c  s t r e n g t h  ( m m o l / 1 )
PKh
pK{
P K ‘
pK,*
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
Reach III
Upstream Station
2
2 3 r d
1 9 0 0
1 8 . 4  
1 8 . 0
22
657
1 5 . 5
246
252
8 . 6 5
1 13  
2 . 0  
1 . 3 8 6  
6 . 3 7 2  
1 0 . 3 2 3  
1 4 . 1 9 7
6 . 8 6
1 1 . 5
1 . 2 7
Downstream Station
2
2 3 r d
1917
1 8 . 1
1 8 . 1
657
1 5 . 6
31
243
254
8 . 4 8
120  
2 . 2  
1 . 3 8 3  
6 . 3 7 2  
1 0 . 3 2 3  
1 4 . 2 0 6
1 0 . 3
1 1 . 6
1.28
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  Q 2 5 C)
I o n i c  s t r e n g t h  ( m m o l / 1 )
P^H
pK{
p K ’
P%W
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
Reach III
Upstream Station
3
2 3 r d
2 3 2 9
1 6 . 2
8 . 8
0
65 8
8 . 5
245
265
8 . 0 8
1 . 2 9 1
113
2 . 0
1 . 3 5 9
6 . 3 8 3
1 0 . 3 4 4
1 4 . 2 7 3
2 7 . 0
1 2 . 3
1 .  31
Downstream Station
3
2 3 r d
2 3 5 4
1 6 . 0
8.0
6 58
8 . 0
31
245
266
7 . 8 9
119 
2 . 2  
1 . 3 5 7  
6 . 3 8 3  
1 0 . 3 4 3  
1 4 . 2 7 9
4 1 . 9
1 2 . 4
1 .32
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  0 2 5 C)
I o n i c  s t r e n g t h  ( m m o l / 1 )
pK[
pK'
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / I )
Reach III
Upstream Station
4
2 4 t h
0 2 5 8
1 5 . 4
6 . 4
0
6 5 8
7 . 2
254
2 70
8 . 0 5
114  
2 . 1  
1 . 3 4 9  
6 .  3 86  
1 0 . 3 5 0  
1 4 . 3 0 0
2 9 .  1
1 2 .  7
1 . 3 1
Downstream Station
4
24 t h  
0 3 1 2  
1 4 . 8  
6 . 3
658
7 . 2
31
2 5 4
2 7 3
7 . 9 0
116
2 . 1
1 . 3 4 1
6 . 3 8 9
1 0 . 3 5 6
1 4 . 3 2 1
4 1 . 5
1 2 . 9
1.32
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  CC)
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm H g )
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  (? 2 5 C)
I o n i c  s t r e n g t h  ( m m o l / 1 )
p Kh
p k ;
p K ’
P%W
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
Reach III
Upstream Station
5
2 4 t h
0 7 2 2
1 4 . 4
2 . 8
14
6 5 8
5 . 6
2 6 3  
276  
8 . 0 0  
1 . 3 0 2
111 
2 . 0  
1 . 3 3 5  
6 . 3 9 1  
1 0 . 3 6 1  
1 4 . 3 3 6
3 3 . 1
1 3 . 1  
1 . 3 1
Downstream Station
5
24 t h  
0 7 3 7  
1 3 . 9  
3 . 0
658
5 . 7
31
2 66
278
7 . 9 4
118
2 . 2
1 . 3 3 0
6 . 3 9 3
1 0 . 3 6 3
1 4 . 3 5 3
3 8 .  2
1 3 . 2
1.32
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / l )  
O x y g e n  s a t u r a t i o n  ( j J m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( p m h o / c m  @ 2 5 C)
I o n i c  s t r e n g t h  ( m m o l / 1 )
p K ’
P%2
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( p m o l / l )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
Reach III
Upstream Station
6
24  t h  
1 1 0 8  
1 6 . 4  
2 1 . 0
5 6 0
6 5 8
1 8 .  7
2 8 0
2 6 4
8 . 4 1
118
2 . 2  
1 .  362  
6 . 3 8 1  
1 0 . 3 3 9  
1 4 . 2 6 5
1 2 . 4  
1 2 . 1  
1 . 2 8
Downstream Station
6
2 4 t h
1 1 2 6
1 6 . 6
2 0 . 2
657
1 7 . 8
31
280
262
8 . 4 2
117
2 . 1
1 . 3 6 4
6 . 3 8 0
1 0 . 3 3 9
1 4 . 2 5 8
1 2 . 1
1 2 . 0
1. 28
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Sampling period
Date
T i m e  (MDT)
W a t e r  t e m p e r a t u r e  ( C )
A i r  t e m p e r a t u r e  ( C )
L i g h t  i n t e n s i t y  ( l u x )
B a r o m e t r i c  p r e s s u r e  (mm Hg)
W a t e r  s a t u r a t i o n  p r e s s u r e  
(mm Hg)
S t a g e  ( c m )
D i s s o l v e d  o x y g e n  ( y m o l / 1 )  
O x y g e n  s a t u r a t i o n  ( y m o l / 1 )  
pH
A l k a l i n i t y  ( m e q / 1 )
S p e c i f i c  c o n d u c t i v i t y  
( y m h o / c m  (? 2 5 C)
I o n i c  s t r e n g t h  ( m m o l / 1 )
PKh
pKj
pK '
P's;
D i s s o l v e d  f r e e  c a r b o n  
d i o x i d e  ( y m o l / 1 )
F r e e  c a r b o n  d i o x i d e
s a t u r a t i o n  ( y m o l / 1 )
T o t a l  d i s s o l v e d  i n o r g a n i c  
c a r b o n  ( m m o l / 1 )
Reach III
Upstream Station
7
2 4 t h
1 5 2 3
2 0 . 6
2 7 . 0
79
657
2 6 . 7
257
241
8 . 8 4
1 . 2 6 7
109  
1 . 9  
1 . 4 1 3  
6 . 3 6 2  
1 0 . 3 0 5
1 4 . 1 2 2  
4 . 2 2  
1 0 . 6  
1 . 2 5
Downstream Station
7
24 t h  
1 5 4 3
2 0 . 4  
2 6 . 2
657
2 5 . 5  
31 
262  
243
8 . 8 2
114
2 . 1
1 . 4 1 1
6 . 3 6 2
1 0 . 3 0 4
1 4 . 1 2 8
4 . 4 3
10 . 6
1.25
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APPENDIX B 
PERTINENT HYDRAULIC PARAMETERS
M e a n  d e p t h s ,  m e a n  v e l o c i t i e s ,  a n d  m e a n  r e t e n t i o n  t i m e s  c a l c u l a t e d  
f o r  e a c h  r e a c h  a t  t h e  d i f f e r e n t  s a m p l i n g  p e r i o d s  a r e  l i s t e d .  T h e s e  
v a l u e s  w e r e  d e r i v e d  f r o m  e s t i m a t e s  o f  d i s c h a r g e ,  me an  r e a c h  w i d t h ,  a n d  
m e a n  r e a c h  c r o s s  s e c t i o n a l  a r e a .  T h e s e  l a t t e r  v a l u e s  i n  t u r n  w e r e  
d e r i v e d  f r o m  t h e  r a t i n g  c u r v e s  b a s e d  o n  s t a g e  h e i g h t s  o f  t h e  r e a c h e s .
G a s  e x c h a n g e  c o e f f i c i e n t s  a n d  d o w n s t r e a m  s t a t i o n  s h i f t s  t o  c o i n c i d e  
w i t h  m e a n  r e t e n t i o n  t i m e s  a r e  c a l c u l a t e d  f r o m  t h e s e  d a t a .
52
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5 3
M e a n  d e p t h ,  H (in)
M e a n  v e l o c i t y ,  V ( m / s )
M ea n  r e t e n t i o n  t i m e ,  t  ( h )r
R e a c h  I
S a m p l i n g  P e r i o d s  
1 s t  t h r o u g h  7 t h  
0 . 2 9  
0 . 0 4 7  
0 . 4 8
Me a n  d e p t h ,  H (m)
Mean  v e l o c i t y ,  V ( m / s )
Me a n  r e t e n t i o n  t i m e ,  t  ( h )
R e a c h  I I
S a m p l i n g  P e r i o d s  
1 s t  2nd t h r o u g h  7 t h
0 . 1 5  0 . 1 3
0 . 2 5  0 . 2 1
0 . 6 1 0 . 7 3
R e a c h  I I I
Mean  d e p t h ,  H (m)
Mean  v e l o c i t y ,  V ( m / s )
Mean  r e t e n t i o n  t i m e ,  t  ( h )r
S a m p l i n g  P e r i o d s  
1 s t  2nd t h r o u g h  7 t h
0 . 1 5  0 . 1 4
0 . 2 6  0 . 2 1
0 . 5 1  0 . 6 3
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APPENDIX C
SHIFTED DOWNSTREAM PARAMETERS ESTIMATED BY CUBIC SPLINE INTERPOLATION
P e r t i n e n t  c h e m i c a l  p a r a m e t e r s  a n d  t e m p e r a t u r e ,  c a l c u l a t e d  b y  
c u b i c  s p l i n e  i n t e r p o l a t i o n  t o  c o i n c i d e  w i t h  m e a n  r e t e n t i o n  t i m e  
d i f f e r e n c e s  b e t w e e n  t h e  u p s t r e a m  a n d  d o w n s t r e a m  s t a t i o n s ,  a r e  l i s t e d  
f o r  t h e  d o w n s t r e a m  s t a t i o n s  o f  e a c h  r e a c h .  T h e s e  v a l u e s ,  a l o n g  w i t h  
t h e  c o r r e s p o n d i n g  v a l u e s  l i s t e d  i n  A p p e n d i x  A f o r  t h e  u p s t r e a m  s t a t i o n s  
a n d  t h e  e x c h a n g e  c o e f f i c i e n t s  c a l c u l a t e d  f r o m  A p p e n d i x  B,  p r o v i d e  a l l  
t h e  f i g u r e s  n e e d e d  t o  d e r i v e  p o i n t  e s t i m a t e s  o f  n e t  p r o d u c t i o n ,  
r e s p i r a t i o n ,  a n d  g r o s s  p r o d u c t i o n .
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R e a c h  T
tp - 1425 on 23 August
D i s s o l v e d
o x y g e n
(f JTnol /1)
O x y g e n  
s a t u r a t i o n  
( y m o l / 1 )
D i s s o l v e d  
f r e e  
c a r b o n  
d i o x i d e  ; 
( y m o l / 1 )
F r e e  
c a r b o n  
d i o x i d e  
s a  t u r a t  i o n  
( y m o l / 1 )
T o t a l  
d i s s o l v e d  
i n o r g a n i c  
c a r b o n  
( m m o l / 1)
T e m p e r a t u r e
( c )
0 . 4 8 277 246 5 . 8 2 11 . 0 1 . 2 2 1 9 . 4
4 . 5 6 2 93 249 2 . 8 7 1 1 . 2 1 . 1 9 1 8 . 9
8 . 9 3 296 254 2 . 1 5 1 1 . 7 1 . 1 8 1 8 . 1
1 2 . 4 8 2 86 252 2 . 7 0 1 1 . 6 1 . 1 9 1 8 . 4
1 6 . 8 5 269 2 6 0 5 . 5 8 1 2 . 1 1 . 2 2 1 6 . 8
2 0 .  73 2 62 257 8 . 7 7 1 1 . 9 1 . 2 4 1 7 . 2
2 4 . 9 1 271 245 4 . 5 7  
R e a c h  I I
1 0 . 8 1 . 21 1 9 . 5
= 1 3 3 0 o n  23  A u g u s t
D i s s o l v e d
o x y g e n
( y m o l / 1 )
O x y g e n  
s a t u r a t i o n  
( y m o l / 1 )
D i s s o l v e d  
f r e e  
c a r b o n  
d i o x i d e  
( y m o l / 1 )
F r e e  
c a r b o n  
d i o x i d e  
s a t u r a t  i o n  
( y m o l / 1 )
T o t a l  
d i  s s o l v e d  
i n o r g a n i c  
c a r b o n  
( m m o l / 1 )
T e m p e r a t u r e
(C)
0 . 6 1 270 251 5 . 7 0 1 1 .  2 1 . 2 5 1 8 . 9
4 . 9 8 252 251 5 . 8 4 1 1 . 2 1 . 2 5 1 8 . 7
9 . 1 6 244 261 1 3 . 8 1 2 . 0 1 . 2 7 1 7 . 0
1 2 . 9 5 253 2 66 1 8 . 3 1 2 . 4 1 . 2 8 1 5 . 9
1 7 . 2 3 2 59 271 2 6 . 4 1 2 . 8 1 . 2 9 1 4 . 9
2 1 . 1 8 268 268 1 7 . 3 1 2 . 3 1 . 2 8 1 5 . 7
2 5 . 4 0 2 62 2 39 3 . 0 7 1 0 . 1 . 2 4 2 1 . 1
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Cq = 1510 on 23 August
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R e a c h  I I I
D i s s o l v e d
f r e e
D i s s o l v e d  O x y g e n  c a r b o n
F r e e  T o t a l
c a r b o n  d i s s o l v e d  
d i o x i d e  i n o r g a n i c
o x y g e n
( p m o l / 1 )
s a t u r a t i o n
( p t n o l / 1 )
d i o x i d e
( V i mo l / 1 )
s a t u r a t i o n
( y m o l / l )
c a r b o n
( m m o l / 1 )
T e m p e r a t u r e
( C )
0 . 5 1 2 7 0 2 46 4 . 3 3 1 1 . 0 1 . 2 5 1 9 . 6
4 . 4 6 242 2 55 1 2 . 2 1 1 . 7 1 . 2 8 1 7 . 9
8 . 9 5 246 267 4 2 . 5 1 2 . 4 1 . 32 1 5 . 9
1 2 . 4 3 255 2 7 4 4 1 . 4 1 3 . 0 1 . 3 2 1 4 . 6
1 6 . 8 3 268 277 3 6 . 3 1 3 . 1 1 . 3 2 1 4 . 0
2 0 . 6 0 280 2 6 0 1 0 . 4 1 1 . 9 1 . 2 8 1 6 . 9
2 4 . 8 8 2 6 0 242 4 . 4 6 1 0 . 5 1 . 2 5 2 0 . 7
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